INTRODUCTION {#sec1-1}
============

Sepsis is a pro-inflammatory state due to a source of infection which, despite advances in supportive care, continues to have significant medical, social and financial impact. There are an estimated 751,000 (2.26 per 100 hospital discharges) cases of sepsis annually in the United States.\[[@ref1]\] The incidence rate of sepsis has increased at a rate of 8.7% per year.\[[@ref2]\] More than half of septic patients require admission to intensive care units and the cost of care is estimated at \$16.7 billion annually.\[[@ref1]\] Despite advancements, the mortality rate is still between 17.9% and 28.6%.\[[@ref1][@ref2]\]

Worsening sepsis is associated with increased mortality as multiple organ systems fail. The degree of severity is, most often, quantified by the APACHE II score, which can predict the severity and outcome of multiple organ failure.\[[@ref3]\] However, calculating APACHE II scores is cumbersome\[[@ref4]\] and it would be advantageous to identify a biomarker that would be associated with the degree of severity in patients with sepsis.

The red cell distribution width (RDW) is the coefficient of variation of red blood cell (RBC) volume and is a representation of the RBC size heterogeneity of an individual patient.\[[@ref5]\] RDW is elevated by increased red cell destruction, nutritional deficiencies and blood transfusions.\[[@ref6]\] Nutritional deficiencies affecting RDW include iron, vitamin B12 and folate.\[[@ref5]\] Biomarkers of chronic inflammation, erythrocyte sedimentation rate and C-reactive protein, have been associated with elevated RDW.\[[@ref7][@ref8]\]

In this study, we examined a cohort of patients with sepsis to determine if RDW is associated with APACHE II scores and sepsis in these subjects.

MATERIALS AND METHODS {#sec1-2}
=====================

Settings {#sec2-1}
--------

This study was conducted in a 650-bed, tertiary-care, teaching hospital in New Jersey, USA. The Institutional Review Board of the Hospital categorized the study as exempt.

Protocol and subjects {#sec2-2}
---------------------

Data were obtained by retrospective review of adult patients admitted with the diagnosis of sepsis from January 1, 2007 to December 31, 2008. Inclusion in the cohort required age ≥ 18 years and confirmed evidence of sepsis as defined by the American College of Chest Physicians/Society of Critical Care Medicine.\[[@ref9]\] Sepsis was defined as systemic inflammatory response syndrome and documented clinical suspicion or confirmed infection.\[[@ref9]\] Subjects that had missing data were excluded. The final cohort of subjects studied included 349 patients.

APACHE II score was calculated using the 12 acute physiological variables within 24 h of presentation. These variables included temperature, blood pressure, heart rate, respiratory rate, arterial oxygenation, arterial pH, serum sodium, serum potassium, serum creatinine, hematocrit, white blood cell count and Glasgow Coma score. These variables were then combined with the chronic health assessment to arrive at the APACHE II score.

All RDW values were taken on initial presentation to the emergency department on day 1 of the hospital stay. Collection of data on blood transfusions was deferred since RDW values were taken from the initial complete blood count (CBC) done on presentation to the emergency department prior to any intervention. Initial septic work-ups to culture the potential source of infection were also done in the emergency department.

Baseline characteristics, data used to compute the APACHE II scores for the patients were collected based on retrospective chart review as were data on survival to hospital discharge.

Determination of red cell distribution width {#sec2-3}
--------------------------------------------

A Coulter^®^ LH 700 series Hematology Analyzer was used by the laboratory during the period of this study. This instrument incorporates an algorithm to automatically reject outliers. The reference interval (RI) in our institution is 11.5-14.5%.

Statistical methods {#sec2-4}
-------------------

Continuous variables were tested for fit-to-normality by the D'Agostino-Pearson omnibus normality test. Because the distributions of most variables were found to deviate significantly from normal, non-parametric tests were used throughout. Group-wise differences were examined by the Mann-Whitney test and correlation was studied by Spearman\'s rank method. The cut-off for age was determined through the use of receiver operator characteristic (ROC) curves. Linear regression was done using the ordinary least squares (OLS) methodology.

Categorical data were associated by cross-tabulation in contingency tables, which were tested for statistical significance with Fisher\'s exact test; because of the retrospective nature of the study the odds ratio (OR) with confidence intervals (CI) at the 95% level (95% CI) are provided.

For this study, α was set at 0.05; however, for baseline characteristics, a level of 5α (0.25) was established as the criterion for consideration as potential confounders. Thus, any characteristic for which *P* ≤ 0.25, was included in a logistic regression model. The characteristics examined are provided in [Table 1](#T1){ref-type="table"}. Power was assessed on a *post-hoc* basis at RDW ≥14.5%. We determined that based on the proportionate difference between the groups and the sample size in each group that power was 0.92 (β =0.08).

###### 

Baseline characteristics of subjects in the study
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All statistical calculations were made using Prism^®^ version 5.04 software (GraphPad Corp, San Diego, CA, USA) except for logistic regression, which was computed using a web-based routine ([www.statpages.org/logistic.html](http://www.statpages.org/logistic.html); last accessed 2^nd^ January, 2013).

RESULTS {#sec1-3}
=======

Baseline characteristics of subjects {#sec2-5}
------------------------------------

[Table 1](#T1){ref-type="table"} provides the clinical characteristics of the subjects included in this study. Categorical variables for which differences achieved a *P* ≤ 0.25 and were thus considered for inclusion in the logistic regression model were: anemia, liver disease, chronic obstructive pulmonary disease, diabetes, cerebrovascular accident, human immunodeficiency virus disease, illicit substance use, alcohol abuse, proton pump inhibitor use and highly-active antiretroviral therapy. Age was also significantly different and was subjected to ROC curve analysis, which yielded a cut-off of 71 years.

Regression and correlation of red cell distribution width with APACHE II scores {#sec2-6}
-------------------------------------------------------------------------------

RDW correlated weakly (*r*~s~ = 0.27) but significantly (*P* \< 0.0001) with APACHE II. The OLS regression analysis of RDW and APACHE II is provided in [Figure 1](#F1){ref-type="fig"} and demonstrates statistical significance (*P* \< 0.0001), but with considerable as scatter and a low coefficient of determination (*r*^2^ = 0.09).

![Linear regression of APACHE II score with red cell distribution width](IJCIIS-4-278-g002){#F1}

Categorical association of red cell distribution widthand APACHE II {#sec2-7}
-------------------------------------------------------------------

The ORs for the association of RDW with APACHE II were studied, stepwise, in 0.5% increments of RDW at a dichotomized level of APACHE II, i.e., \<15 and ≥15. These data are shown in [Figure 2](#F2){ref-type="fig"}. Within most of the RI for RDW, no significant association was appreciated. However, at RDW ≥14.5%, a significant association between the variables can be seen.

![Bivariate forest plot showing odds ratios and 95% confidence interval (error bars) for APACHE II scores as a function of red cell distribution width. The dashed line delineates the reference interval](IJCIIS-4-278-g003){#F2}

[Figure 3](#F3){ref-type="fig"} demonstrates the effect of the potential confounders that were identified on the OR and 95% CI at RDW = 14.5% \[[Figure 3a](#F3){ref-type="fig"}\] and at 16% \[[Figure 3b](#F3){ref-type="fig"}\]. At RDW = 14.5%, there was a significant interaction caused by anemia. This effect was not observed at RDW = 16%; a level at which RDW appears to be an independent predictor of increased APACHE II score.

![Multivariable analysis for odds ratio of red cell distribution width for APCHE II scores. Unadjusted OR and OR adjusted for potential confounders at RDW = 14.5% (a) and RDW = 16.5% (b)](IJCIIS-4-278-g004){#F3}

Association of red cell distribution width and mortality {#sec2-8}
--------------------------------------------------------

The ORs for the association of RDW with mortality were studied at 14.5% and 16%. The results at RDW = 14.5% were not significant (OR: 1.66 \[95% CI: 0.88-3.15\]; *P* = 0.1360). RDW at 16% was found to be an independent predictor of increased mortality \[[Figure 4](#F4){ref-type="fig"}\].

![Multivariable analysis for odds ratio of red cell distribution width for APCHE II scores at RDW = 16%](IJCIIS-4-278-g005){#F4}

DISCUSSION {#sec1-4}
==========

RDW has been described as a prognostic marker in several conditions including coronary artery disease,\[[@ref10]\] congestive heart failure,\[[@ref11]\] cerebrovascular accidents,\[[@ref12]\] pulmonary hypertension\[[@ref13]\] and peripheral artery disease.\[[@ref14]\] RDW has also been associated with poor lung function.\[[@ref15]\] RDW has been described as a possible marker for all-cause mortality.\[[@ref16][@ref17]\] RDW has also been shown to be predictive of mortality in the critically ill-patients\[[@ref18][@ref19]\] and in patients with septic shock.\[[@ref20]\] Prior studies have investigated the association of RDW with mortality in critically ill-septic patients\[[@ref18]\] or with patients with more severe stage sepsis.\[[@ref20][@ref21]\] This is the first study to examine the relationship of RDW with worsening severity of illness in all septic patients.

Pro-inflammatory states play a major role in insufficient erythropoiesis leading to structural and functional alteration of RBCs.\[[@ref22]\] Plasma cytokines such as tumor necrosis factor-α, interferon-γ, interleukin 1β and interleukin six have been shown to effect RBC survival and production.\[[@ref22][@ref23][@ref24]\] Erythroid progenitor cell activity is inversely related to the amount of circulating cytokines.\[[@ref25]\] The pro-inflammatory state of sepsis can negatively impacts RBCs leading to elevated RDW.

RDW elevation may be caused by increased turnover of erythrocytes, nutritional deficiencies and blood transfusions.\[[@ref6]\] Baseline characteristics of subjects from [Table 1](#T1){ref-type="table"} were inclusive of disease conditions and either potential medication that can affect the RDW or commonly prescribed medications. The effect of these potential confounders was analyzed and RDW appears to be an independently associated with increased APACHE II score and mortality.

The RBCs in the acute critical setting is afflicted by significant stress. The erythrocyte survival time is shortened in response to cytokines tumor necrosis factor-α and interleukin-1. The structural changes to the RBC related to inflammation leads to more rapid clearing of RBCs.\[[@ref22]\] The combination of these processes lead to shorter RBC survival time and ultimately more morphological variations in cell sizes.

Assessing the severity of illness with APACHE II scores help guide therapeutic decisions and mortality risk. Several studies have indicated that an APACHE II score of greater than 15 is associated with significantly increased mortality\[[@ref26][@ref27][@ref28]\] and benefit from more aggressive management.\[[@ref29]\] In this study, we divided the cohort into two groups based on an APACHE II score of ≥15 or \<15.

Prognostic markers in patients with sepsis are of great interest. The ability to provide prognostication based on a routinely available marker on a CBC would be greatly valuable in assessing the severity of illness.

In our cohort of patients admitted with sepsis, a RDW ≥16% was independently associated with an APACHE II score of ≥15. This suggests that septic patients with a RDW ≥16% may have a higher severity of illness. In addition, we found RDW ≥16% was independently associated with mortality. Thus, RDW ≥16% in septic patients also suggests higher in-hospital mortality.

Sepsis is an inflammatory condition with markedly increased oxidative stress. APACHE II is a measure of increasing severity of illness and worsening severity of illness leads to increasing inflammation. The negative impact to RBC morphology and erythroid cell activity results in anisocytosis and a measurable impact on RDW.

The limitations of the study are that it was conducted in a single center and was a retrospective design. However, the cohort was adequate and generalizable and the results appear to have adequate effect size to suggest a reasonable strength of evidence. The underlying mechanism responsible for this relationship remains a matter of continued research. Future studies with larger samples are needed to confirm these findings.

In conclusion, RDW may be a useful in differentiating severity of illness in septic patients.
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